We describe a procedure for quantitative determination of beta-carotene in human serum. The 0.1-mL serum sample is precipitated with ethanol containing the internal standard, dimethyl-beta-carotene, then extracted with hexane. This extract is injected onto a reversed-phase, "high-performance" liquid-chromatography column, and the carotenes are None of the HPLC procedures for quantifying beta-carotene in vegetables and fruits (5-7) is suitable for determinations in a serum matrix. With the procedure we describe, however, one can rapidly measure beta-carotene in large runs of small-volume serum samples.
it reduces the possibility for errors in volume transfers, compensates for variability in extraction efficiency, and eliminates error from changes in the concentration of the analyte owing to accidental evaporation of the solvent. The last is especially important for beta-carotene, because small volumes of volatile solvents are used.
We propose the compound (2R,2'R)-2,2'-dimethyl-beta, 
Materials and Methods

Materials.' All-trans-beta-carotene
and all-trans-alphacarotene, in pure crystalline form, were from Sigma Chemical Co., St. Louis, MO 63178. The solvents n-hexane and dichloromethane (HPLC-grade; Fisher Scientific Co., Atlanta, GA 30091) were used without further purification. Absolute, undenatured alcohol was from National Distillers and Chemical Corp., New York, NY 10016. A human serum pool, used for testing the precision of the method, was stored at -70 #{176}C, as were the carotenes, dry or in solution. Solutions of carotenes were generally discarded after one week.
The internal standard, (2R,2'R)-2,2'-dimethyl-beta,betacarotene (dimethyl-beta-carotene), the generous gift of Dr.
A. G. Andrewes, was synthesized
by the method of Andrewes et al. (8) . To calculate the concentration of dimethylbeta-carotene in standard solutions, we used the absorptivity (8) in hexane at 449 nm of a 10 g/L solution, 1-cm pathlength:
2428. For all-trans-beta-carotene we used a 2518 in hexane at 450 nm (4).
Chromatography.
The HPLC pump was an Altex 11OA (Altex Scientific, Berkeley, CA 94710), equipped with a pulse dampener. The injector was an Altex 210, with a 100-'Use of trade names is for identification only and does not imply endorsement by the U.S. Dept. of HHS or the USPHS. on-line before the main column. Elution was performed isocratically with acetonitrile/methylene chloride (89/11 by vol) at a flow rate of 2 mL/min at a pressure of about i07 Pa (95 bar). The absorbance of the eluting compounds was monitored at 450 nm.
.Sample preparation. Pipet 100 uL of serum into a 10 x 75 mm test tube. Add 100 L of absolute ethanol containing a known amount of dimethyl-beta-carotene (300 to 600 g/L) and ascorbic acid (1 g/L) . 
Quantification.
We routinely quantify beta-carotene from a standard curve of peak-height ratios vs concentration, in which a constant amount of dimethyl-beta-carotene is mixed with three different concentrations of beta-carotene in the range of 200 to 600 g/L. We also quantify betacarotene by peak areas, with an integrating recorder. Results by the two methods are essentially identical, with comparable precision. The standard curve is linear to at least 2000 g/L. Figure 2 shows typical chromatograms of a serum extract.
Results
The first chromatogram-of an extract containing no internal standard-shows that beta-carotene is the last carotene eluted and is followed by a level, interference-free baseline. The second chromatogram shows an extract containing the internal standard; beta-carotene is eluted in 11.6 mm, the internal standard in 13.2 mm; separation of the two carotenes is complete and does not inordinately prolong the run.
Total time for the assay, given a flow rate of 2 mL/min, is about 14 mm.
In serum, the smallest detectable concentration of beta- Within-day precision (CV) was 4.8% for beta-carotene in 10 samples from a pooled single specimen of normal serum = 660 g/L, SD = 32 .tg/L). Day-to-day precision during 27 days was 5.2% ( = 660 g/L, SD = 34 p.g/L) for the same pool. The efficiency of extraction of beta-carotene from serum appeared to exceed 95%: the absorbance at 450 nm after a second extraction was <3% of that for the original extract. Table 1 shows the wide range of beta-carotene concentrations observed in unselected, apparently healthy individuals. These sera were randomly selected from a 500-sample lot that, had been collected within the preceding two months and stored frozen. We calculated approximate values for the total carotenoid content of the serum extracts from the absorbance of the hexane extract at 450 nm and the absorptivity of beta-carotene (a = 2518), subtracting the absorbance of the internal standard. The serum extract was then chromatographed to determine its beta-carotene content.
The standards (beta-carotene, alpha-carotene, and dimethyl-beta-carotene) were stable in absolute ethanol for at least two weeks at -70 #{176}C. Hexane extracts of serum, when stored at -70 #{176}C, were stable for at least one week; this allowed the convenience of performing the extraction and the chromatography on different days.
The HPLC column used for these assays had a long lifetime; more than 500 runs were made on the same column with no noticeable decrease in resolution. The column will have a longer life if a guard column is used, for which the packing material is changed whenever the flow pressure has approximately doubled.
Discussion
Measurementof beta-carotene in serum is very appropriate for reversed-phase HPLC. The extraction is simple and fast, with no need for saponification. The isocratic elution and the short assay time are suited to routine analysis. The relatively small volume of serum required for the analysis, used for several determinations.
The precision is adequate and is about the same as that of reversed-phase HPLC assays for vitamin A (9-11). It is also convenient that the same extract can be used for both this HPLC beta-carotene assay and for HPLC vitamin A assays (9-11), given the interest in the relationship of both substances to cancer (2, 3). The HPLC assay is specific for beta-carotene, whereas the traditional spectrophotometric assay for beta-carotene (4) measures virtually all carotenoids in serum. The serum samples in Table 1 The high precision and the small sample requirement are the result of using an internal standard-in this case, dimethyl-beta-carotene.
Without an internal standard, even the error due to evaporation from the small volume of extracting solvents would be difficult to control. In the case of serum and of most biological samples, beta-carotene is eluted later than the other carotenoids that are present, mainly oxidized derivatives and acyclic isomers of betacarotene. Because of the variety of carotenoids in serum, an internal standard that would elute before beta-carotene would also be interfered with by these other carotenoids. The elution of dimethyl-beta-carotene after beta-carotene and its synthetic character virtually preclude interference by any natural carotenoid.
There is some overlap of the small alpha-carotene peak with the beta-carotene peak, which affects accuracy to some extent.
This is not critical in most routine applications, because the alpha-carotene isomer is not nearly as abundant in nature as beta-carotene (13). The sera that we have assayed all contain less than 15% as much alpha-as betacarotene.
If necessary, the two carotenes can be separated completely by using a C18 column packed with 5-um partides rather than the 10-urn particles we used in this study
